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Yolk degradationDespite being the main insect pest on soybean crops in the Americas, very few studies have approached
the general biology of the lepidopteran Anticarsia gemmatalis and there is a paucity of studies with
embryo formation and yolk mobilization in this species. In the present work, we identiﬁed an acid phos-
phatase activity in the eggs of A. gemmatalis (agAP) that we further characterized by means of biochem-
istry and cell biology experiments. By testing several candidate substrates, this enzyme proved chieﬂy
active with phosphotyrosine; in vitro assays suggested a link between agAP activity and dephosphoryla-
tion of egg yolk phosphotyrosine. We also detected strong activity with endogenous and exogenous short
chain polyphosphates (PolyP), which are polymers of phosphate residues involved in a number of phys-
iological processes. Both agAP activity and PolyP were shown to initially concentrate in small vesicles
clearly distinct from typically larger yolk granules, suggesting subcellular compartmentalization. As
PolyP has been implicated in inhibition of yolk proteases, we performed in vitro enzymatic assays with
a cysteine protease to test whether it would be inhibited by PolyP. This cysteine protease is prominent
in Anticarsia egg homogenates. Accordingly, short chain PolyP was a potent inhibitor of cysteine protease.
We thereby suggest that PolyP hydrolysis by agAP is a triggering mechanism of yolk mobilization in A.
gemmatalis.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
As oviparous animals, insect must allocate in their eggs sufﬁ-
cient nutrients to sustain embryogenesis, insect fat body synthe-
sizes massive amounts of proteins that are posteriorly secreted to
the hemolymph and delivered to the ovaries where they will be
incorporated into the developing oocytes by receptor-mediated
endocytosis (Raikhel and Dhadialla, 1992). Once inside the oocyte,
yolk proteins accumulate in organelles called yolk granules(Snigirevskaya et al., 1997) wherein they are stored together with
several hydrolases, such as acid phosphatase and proteases
(Nussenzveig et al., 1992; Ribolla et al., 1993; Giorgi et al., 1999;
Zhao et al., 2005; Oliveira et al., 2008). Subpopulations of yolk gran-
ules of various sizes, densities, and contents have been described in
several oviparous models (Wallace, 1985; Fausto et al., 2001), and
have been linked with the triggering of yolk degradation by hydro-
lases (Liu and Nordin, 1998; Cho et al., 1999; Fialho et al., 2002).
Acid phosphatases (AP) (EC 3.1.3.2) are typical lysosomal en-
zymes that catalyze the hydrolysis of orthophosphoric monoesters
from a wide range of substrates. They are also one of the best stud-
ied hydrolases stored in animals’ eggs. The presence of AP in yolk
granules and its role in yolk mobilization was ﬁrst described in
the axolotl Ambystoma mexicanum (Lemansky and Aldoroty,
1977), and was later described in the yolk granules of several
insects (Steinert and Hanocq, 1979; Kawamoto et al., 2000; Fialho
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controversial. While several yolk proteins are strongly dephospho-
rylated by AP during embryo development (Wimmer et al., 1998;
Silveira et al., 2006; Oliveira and Machado, 2006), lysosomal AP
typically hydrolyzes a broad range of substrates. For instance,
in vitro assays have shown that egg AP from the kissing bug
Rhodnius prolixus (rpAP) dephosphorylate inorganic polyphosphate
(PolyP), which are polymers of phosphate residues that inhibit an
egg aspartic protease in R. prolixus (Gomes et al., 2010). Curiously,
rpAP are initially stored in small vesicles in separation from the
main population of yolk granule – a pattern also observed among
other invertebrate models (Ribolla et al., 2001) – and depend on
Ca2+-mediated fusion to be transferred into yolk granules (Ramos
et al., 2007). A general model suggests that, upon fusion, rpAP
hydrolyzes yolk granule PolyP, liberating aspartic protease activity,
which in turn triggers yolk mobilization (Gomes et al., 2010).
In the present report, we analyzed the presence and physiolog-
ical function of an AP found in the eggs of the velvet bean caterpil-
lar Anticarsia gemmatalis (Hübner) – the major insect soybean pest
in the Americas (Kogan and Turnipseed, 1987). Despite its econom-
ical importance, little is known about the general biology of Anti-
carsia and there are no published aspects of its reproductive and
embryonic biology. Here, we characterized an acid phosphatase
mainly present in a population of small vesicles inside eggs of A.
gemmatalis (agAP). Inhibitor proﬁle suggests it is a typical lyso-
somal acid phosphatase; also able to dephosphorylate phosphoty-
rosine and short chain PolyP. We also detected signiﬁcant PolyP
storage inside the yolk granules of Anticarsia eggs, and evidenced
the inhibition proﬁle of an egg cysteine protease by PolyP. To-
gether, our data suggest that agAP is involved in yolk mobilization
by hydrolysis of both yolk proteins and PolyP during animal
development.2. Materials and methods
2.1. Chemicals
Aprotinin, ammonium molybdate, bovine serum albumin, caf-
feine, levamisole, tetramisole, sodium orthovanadate, E-64, adeno-
sine triphosphate (ATP), inorganic pyrophosphate (PPi),
pentasodium tripolyphosphate (PolyP-3), sodium phosphate glass:
type 25 (PolyP-25) and type >75 (PolyP-75), b-glycerophosphate,
p-nitrophenyl phosphate (pNPP), PMSF, Pepstatin A, phosphotyro-
sine, phosphothreonine and phosphoserine were all purchased
from Sigma Chemical Company (St. Louis, MO, USA). Dithiothreitol
(DTT) was purchased from Calbiochem-Novabiochem (La Jolla, CA,
USA). Ultrafree-MC centrifugal ﬁlter unit was purchased from Mil-
lipore Co. (Billerica, MA, USA). Molecular mass standards were pur-
chased from Promega Co. (Madison, WI, USA). SuperSignal West
Pico Chemiluminescent Substrate was purchased from Pierce–
Thermo Fisher Scientiﬁc (Rockford, IL, USA). Mouse monoclonal
anti-phosphotyrosine PY-99 and goat anti-mouse IgG-Horseradish
Peroxidase were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). All other chemicals were of analytical grade.2.2. Insects, eggs and protein estimation
A colony of A. gemmatalis was established from eggs obtained
from Embrapa Soja, Londrina, PR, Brazil. This colony was main-
tained under controlled conditions (25 ± 3 C, 70 ± 10% relative
humidity and 14:10 (L:D) photoperiod) and fed on the artiﬁcial
diet as described by Hoffmann-Campo et al. (1985). Eggs were col-
lected either daily (up to 24 h after oviposition) or freshly (up to
1 h after oviposition), depending on experimental needs.2.3. Determination of phosphatase activity
Phosphatase activity was colorimetrically assayed by measur-
ing after the release of p-nitrophenol (pNP) from pNPP hydrolysis
as described elsewhere (Oliveira and Machado, 2006). Brieﬂy, reac-
tions were performed at 37 C by adding either egg extract or agAP
(0.24–0.32 lg of protein) in a reaction medium (10 mM DTT,
10 mM EDTA, 4 mM pNPP, 0.1 M sodium acetate buffer pH 4.0 or
5.5). After 60 min, reactions were stopped by the addition of 1 N
NaOH; release of pNP was measured with a microplate reader
(Thermomax, Molecular Devices) as a function of absorbance at
405 nm.2.4. Enrichment of acid phosphatase
A pool of 24 h-old-eggs was collected and homogenized in buf-
fer A (10 mM DTT, 10 mM EDTA, 0.1 M sodium acetate buffer pH
5.5) followed by 3 washing steps (centrifugation at 20,000g,
10 min, 4 C). After concentration in a Millipore Ultrafree-MC-30
centrifugal ﬁlter unit (1400g, 4 h, 4 C), samples were applied to
a Shimadzu HPLC coupled Superose 6HR gel ﬁltration column pre-
viously equilibrated with buffer B (0.15 M NaCl, 0.1 M sodium ace-
tate buffer pH 5.5). Elution was performed in buffer B for 60 min
using a ﬂow rate of 0.5 mL/min; protein in collected fractions
was estimated by milliabsorbance (mAbs) detected at 280 nm.
Fractions with higher pNPPase activity were pooled, labeled agAP,
and concentrated with a SpeedVac machine (Thermo Savant).2.5. Determination of acid phosphatase activity against
phosphorylated substrates
Potential biological substrates were evaluated by adding 7 lL
agAP (0.24–0.32 lg) in a reaction medium (10 mM DTT, 10 mM
EDTA, 0.1 M sodium acetate pH 4.0) containing several phosphor-
ylated substrates at a ﬁnal concentration of 4 mM of Pi residues.
After 60 min of reaction at 37 C, release of Pi was colorimetrically
measured as previously described (Fiske and Subbarow, 1925).2.6. Cytochemical localization of acid phosphatase activity
Yolk granule suspensions were obtained by gently rupturing of
24-h-old eggs in 0.4 M sucrose, 10 mM Hepes pH 7.2. Samples
were washed (1 min, 10,000g, room temperature centrifugation),
and ﬁxed at room temperature for 30 min in 0.4 M sucrose,
10 mM Hepes pH 7.2, 0.5% glutaraldehyde, 0.5% formaldehyde.
After washing in 0.4 M sucrose, 10 mM Hepes pH 7.2, samples
were resuspended and incubated for 1 h at 37 C in acid phospha-
tase reaction medium (1 mM sodium b-glycerophosphate, 2 mM
CeCl3, 0.1 M sucrose, 0.1 M sodium acetate pH 4.0) (Hulstaert
et al., 1983). Controls were carried out without the substrate or
in the presence of 10 mM Na+ K+ tartrate. Samples were washed
twice in 0.1 M sodium acetate pH 4.0, once in 0.1 M sodium caco-
dylate pH 7.2 and posteriorly ﬁxed for 2 h at room temperature by
2.5% glutaraldehyde, 4% formaldehyde, 0.1 M sodium cacodylate
pH 7.2. Samples were then washed in cacodylate buffer, post-ﬁxed
in 1% OsO4 for 1 h at room temperature, dehydrated in ethanol ser-
ies and embedded in a Polybed 812 resin. Ultrathin sections were
observed in a JEOL 1200 EX transmission electron microscope,
operating at 80 kV. For X-ray microanalysis, X-rays were collected
for 150 s using a Si (Li) detector with a Norvar window in a
0–10 keV energy range with a resolution of 10 eV/channel.
Analysis was performed using a Noran Voyager III analyzer.
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Freshly-laid eggs were homogenized in 20 mM Hepes pH 7.5
and centrifuged twice for 10 min at 18,000g at 4 C. Supernatants
were centrifuged at 10,000g for 2 h at 4 C in a Millipore Ultra-
free-MC-5 centrifugal ﬁlter unit and retained samples were resus-
pended in 20 mM Hepes pH 7.5, and labeled ‘‘yolk protein’’.
Following, 40 lg of ‘‘yolk protein’’ was incubated at 37 C in a reac-
tion medium (P8340 protease inhibitor cocktail, 2.5 mM DTT,
2.5 mM EDTA, 25 mM sodium acetate pH 4.0) containing 0.32 lg
agAP protein. When speciﬁed, 10 mM Na+ K+ tartrate was used as
agAP inhibitor. Following, 12.5% SDS–PAGE was performed and
the proteins were transferred to a nitrocellulose membrane that
was blocked for 90 min with blocking buffer (0.05% TBS-Tween
20, 3% BSA). The membrane was then incubated overnight in block-
ing buffer containing 1:1000 PY-99 (raised against phosphotyro-
sine). Membrane was washed and revealed using a SuperSignal
West Pico (Pierce) after incubation of 1:2000 anti-mouse peroxi-
dase-conjugated IgG. All incubation steps were performed at room
temperature.
2.8. Polyphosphate detection by ﬂuorescence microscopy
PolyP detection was performed as described (Gomes et al.,
2008). Brieﬂy, yolk granule suspensions were obtained by gently
rupturing of 24-h-old eggs in 20 mM Hepes pH 7.2. Samples were
washed (1 min, 10,000 g, room temperature) and incubated in
20 mM Hepes pH 7.2, 50 lg/mL DAPI for 20 min at room tempera-
ture. Following, samples were mounted on glass slides and ob-
served using a DAPI-PolyP optimized ﬁlter set (excitation:
350 nm, emission: >500 nm) and observed in an upright epiﬂuo-
rescence microscope (Axioplan, Carl Zeiss).Fig. 1. Characterization of yolk proteolysis and acid phosphatase activity during embryo
and immediately frozen at different intervals of time; extracts were prepared at neutral
Numbers on the left indicate molecular weight standards (lane P). Lanes 0 to 62: Degra
ﬁgure). (B) Pools of eggs were collected at different intervals of time after oviposition and
at 37 C for 60 min with 0.05 lg/lL of protein. Each point represented the mean ± S.E.,
collected and prepared as described before. The homogenate was concentrated and the re
were tested for pNPPase activity (black line) and optical density at 280 nm is shown as2.9. Determination of acid phosphatase activity against endogenous
PolyP
Endogenous PolyP levels were measured as described (Ruiz
et al., 2001). Brieﬂy, 24-h-old eggs were homogenized in distilled
water at 4 C. For long-chain PolyP, egg homogenate was added
to lysis buffer (6 M Guanidine Thiocyanate, 50 mM Tris–HCl pH
7.0) and powdered glass was used to bind PolyP. After DNase and
RNase treatment, bound PolyP was eluted at 95 C in 50 mM
Tris–HCl pH 8.0. For short chain PolyP, egg homogenate was added
to 0.5 N HClO4 followed by neutralization using KOH and KHCO3.
Both long chain and short chain PolyP levels were determined as
the amount of Pi released upon treatment with an excess of recom-
binant exopolyphosphatase from Saccharomyces cerevisiae (scPPX).
Aliquots of short chain or long chain polyP were incubated for
15 min at 37 C in reaction medium (60 mM Tris–HCl pH 7.5,
6 mM MgCl2) containing puriﬁed scPPX and the malachite green
assay was used for Pi quantiﬁcation (Gomes et al., 2010).
Following, the ability of agAP to hydrolyze endogenous PolyP
was evaluated by addition of 1.5 lg of agAP in a reaction medium
(10 mM DTT, 10 mM EDTA, 0.1 M sodium acetate buffer pH 4.0)
containing either short chain or long chain PolyP obtained from
A. gemmatalis eggs. Incubation was held for 60 min at 37 C. After
that, PolyP levels were determined by the scPPX assay.2.10. Proﬁle of yolk proteins during embryogenesis and determination
of protease activity
Freshly-laid eggs were collected and left to develop for different
times before homogenization in 20 mM Hepes pH 7.5
supplemented with P8340 protease inhibitor cocktail. Aftergenesis. (A) Proteolysis of yolk proteins during embryogenesis. Eggs were collected
pH with protease inhibitors. Proteins were observed after SDS–PAGE as described.
dation of yolk at different times (in hours) after egg laying (indicated above in the
were prepared in sodium acetate buffer 0.1 M pH 4.0. Samples were tested for pNPP
performed in triplicate. (C) AgAP chromatography elution proﬁle. 24-h eggs were
tained sample was chromatographed in a Superose 6HR gel ﬁltration unit. Fractions
a gray line (mAbs at 280 nm).
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ted to 12.5% SDS–PAGE and stained with Coomassie blue.
Egg homogenates were prepared using 24- and 48-h-old egg ex-
tracts in 50 mM sodium acetate pH 5.0 followed by two washing
steps (10,000g, 10 min, 4 C). Protease assays were performed at
room temperature in a reaction medium (0.2 M NaCl, 5 mM EDTA,
2.5 mM DTT, sodium acetate buffer 50 mM pH 5.0) containing
5 lM z-Phe-Arg-AMC. Steady-state velocities were obtained by lin-
ear regression of the hydrolysis curve (Lima et al., 2001) as fol-
lowed in an Fmax ﬂuorescence microplate reader (molecular
Devices) using 380/440 nm as excitation/emission wavelengths
for 30 min. When expressed, the inﬂuence of PolyP was deter-
mined by the addition of PolyP-3, -25 or -75 into the reaction
medium.Table 1
.Inﬂuence of different inhibitors on egg-derived acid phosphatase of A. gemmatalis.
Inhibitor Speciﬁc activitya Relativeb
Control (no inhibitor) 724.80 ± 1.46 100
Levamisole 10 mM 813.60 ± 19.38 112.2
Tetramisole 10 mM 997.90 ± 115.30 137.7
NaF 10 mM 47.23 ± 0.05 6.5
NaF 1 mM 677.70 ± 17.22 93.5
Na+/K+ Tartrate 10 mM 0.00 ± 0.00 0
Na+/K+ Tartrate 1 mM 56.78 ± 3.13 7.8
Ammonium Molybdate 1 mM 0.00 ± 0.00 0
Ammonium Molybdate 0.1 mM 157.70 ± 4.80 21.8
Ammonium Molybdate 0.05 mM 280.70 ± 14.41 38.7
Pi 10 mM 157.70 ± 0.43 21.8
Pi 1 mM 601.60 ± 10.85 83.0
Caffeine 5 mM 819.80 ± 10.69 113.1
Caffeine 0.5 mM 758.00 ± 39.35 104.6
Control (no DTT or EDTA) 600.10 ± 4.10 100
CuSO4 1 mM 432.10 ± 1.08 72.0
CuSO4 0.1 mM 584.10 ± 23.91 97.3
Fig. 2. Phosphotyrosine as substrate for AgAP. (A) A fresh egg homogenate obtained
at neutral pH in the presence of a cocktail protease inhibitor was incubated at acidic
pH with AgAP for different intervals of time at 37 C. The control group was
incubated in the presence of phosphatase inhibitor (10 mM Na+ K+ tartrate). After
incubations, samples were submitted to Western blotting against anti-phosphoty-
rosine antibodies. Molecular weight standards (kDa) are represented on the left side
and the arrow on the right indicates a dephosphorylated polypeptide after
treatment. A 50 kDa protein stained with Ponceau Red (below the western blotting
data) was showed to normalize loading of samples (arrowhead). (B) The different
phosphoaminoacids (phosphotyrosine, phosphoserine and phosphothreonine) were
incubated with AgAP (0.24–0.32 lg), at ﬁnal concentration of 4 mM. Results are
expressed as nmol Pi mg1 ptn min1. Each bar represents mean ± S.E. of two
independent experiments, performed in triplicates.3. Results
3.1. Yolk proteolysis and acid phosphatase during A. gemmatalis
embryogenesis
As yolk granule hydrolases are strongly associated with yolk
mobilization, we wondered whether yolk mobilization was corre-
lated with hydrolase activity during Anticarsia development. From
homogenates prepared from eggs at different times after oviposi-
tion, we observed a smooth mobilization of major storage proteins
around 80, 30, and 10 kDa (Fig. 1A). The ﬁrst evidences of yolk
mobilization were observed 20–40 h after oviposition – the same
period where an increase of acid phosphatase activity was also de-
tected in egg extracts (Fig. 1B) – suggesting a correlation between
these two events.
In order to further characterize the acid phosphatase present in
the eggs of A. gemmatalis, we proceeded to obtain an enriched frac-
tion of acid phosphatases from 24-h-old egg homogenates by HPLC
chromatography. After gel ﬁltration, a major peak with PNPPase
activity with an approximate molecular mass of 45 kDa was en-
riched by a factor of forty times (Fig. 1C). Samples eluting adja-
cently to this major fraction were pooled, labeled as agAP, and
further characterized. AgAP maximum activity was observed at
pH 4.0 at 37 C (data not shown) resulting in a km and Vmax of
0.32 mM and 6.13 nM pNP/s, respectively. Tyrosine dephosphoryl-
ation of a major 80-kDa yolk protein was observed in vitro, sug-
gesting that agAP targets yolk proteins during embryo
development (Fig. 2A). Under the improved conditions, agAP was
shown to preferentially hydrolyze phosphotyrosine (Ptyr)
(300.5 nmols Pi mg ptn1 min1) as compared against phos-
phoserine and phosphothreonine (20. 00 and 0.901 nmols Pi mg
ptn1 min1, respectively) (Fig. 2B).
Like other egg phosphatases (Fialho et al., 2002), agAP was
strongly modulated by classical inhibitors of lysosomal acid phos-
phatases such as Na+/K+ tartrate and NaF (Table 1). The assayed
inhibitors are used to classify these enzymes, at millimolar and
submillimolar concentration levels. Ammoniummolybdate and so-
dium orthovanadate (modulators of tyrosine phosphatases) also
inhibited agAP. Other phosphatase modulators such as CuSO4 or
Pi were moderately effective against agAP activity. The alkaline
phosphatase inhibitors (levamisole and tetramisole) or phospho-
esterase inhibitor (caffeine) had no effect on agAP, conﬁrming
the acidic nature of agAP.Vanadate 0.1 mM 27.04 ± 1.35 4.5
Vanadate 0.05 mM 50.68 ± 9.12 8.4
AgAP was assayed against pNPP in the presence of different phosphohydrolase
inhibitors. Control represents activity without inhibitor. Control without DTT or
EDTA was used at the assays with CuSO4 or vanadate. Each point indicates the
mean ± S.E. of three independent experiments, performed in duplicate.
a Means nmol pNP mg ptn1 min1.
b Means relative activity (percent) to the control.3.2. Cytochemical localization of agAP
In order to evaluate the subcellular compartmentalization of
agAP in yolk granules suspensions, the b-glycerophosphate-CeCl3
assays for cytochemical detection of acid phosphatase activity
was used (Hulstaert et al., 1983). After 24 h of oviposition, acid
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of vesicles sized 200–600 nm separated from larger yolk granules
(Fig. 3A–D). Tracing of cerium by X-ray microanalysis was used
to conﬁrm CePO4 precipitation by endogenous agAP (Fig. 3E). Dur-
ing the assay, acid phosphatase is stained electron-dense by the
deposition of insoluble CePO4 from usage of CeCl3 as a released
phosphate capture agent. Negative controls were performed by
avoiding addition of phosphatase substrate to the reaction med-
ium, and no precipitates were found under those conditions (data
not shown).3.3. AgAP as an egg PolyPase and the presence of PolyP in the eggs of A.
gemmatalis
PolyP is an ubiquitous biological polymer that plays a role in the
regulation of several physiological processes. While speciﬁc PolyP-
ases have been described from a few eukaryotic models (Lichko
et al., 2006; Tammenkoski et al., 2008), reports suggested that gen-
eral phosphatases could also hydrolyze PolyP, thus regulating cel-
lular levels of the polymer. Although to a smaller extent than
phosphotyrosine, agAP was able to hydrolyze PolyP-3, suggesting
that under favorable conditions, agAP is a short chain PolyPaseFig. 3. Cytochemical localization of AgAP. The yolk organelles of eggs were suspende
substrate. (A) Control (with no substrate); (B–D): cytochemical localization of AgAP in
White arrows: small labeled vesicles; arrowhead: non-labeled vesicle adjacent to an ele
microanalysis of one small labeled vesicle. Arrows are indicating the presence of phos
accumulation).(Fig. 4A). No PolyPase activity for PolyP-75 was observed, and
b-glycerophosphate, PPi, and ATP were only hydrolyzed at trace
levels. Accordingly, in vitro assays suggest that agAP was able to
hydrolyze endogenous short chain PolyP, but endogenous long
chain levels remained unaltered (Fig. 4B).
We then tested whether PolyP stores could be detected in yolk
granules suspensions by DAPI-PolyP assay, as PolyP is able to shift
DAPI ﬂuorescence emission to a higher wavelength (525–550 nm)
that can be detected after blocking the typical blue ﬂuorescence
(450 nm) from stained nuclei. Similar to acid phosphatase activity,
PolyP signals were mainly observed in small vesicles (Fig. 4D). Nev-
ertheless, weaker signals were also frequently observed in larger
yolk granules.3.4. Inﬂuence of PolyP towards yolk mobilization
Yolk mobilization of insect eggs is performed by activation of
either cysteine or aspartic protease during embryo development.
In egg extracts of Anticarsia, no aspartic protease activity was de-
tected 24- or 48-h after oviposition (data not shown). On the other
hand, hydrolysis of the ﬂuorogenic substrate z-phe-arg-AMC was
completely abolished by the cysteine protease inhibitor E-64, sug-d and assayed to detect phosphatase activity in situ using b-glycerophosphate as
small vesicles inside egg ooplasm. Bars: 500 nm (except D, which has bars-1 lm).
ctron dense precipitate (black arrow). m: mitochondria; YG: yolk granule. (E) X-ray
phorous and cerium, in addition to a higher count of sulfur (indicative of protein
Fig. 4. Presence of polyphosphate yolk granules and AgAP as polyPase. (A) Determination of substrate preference by AgAP. Different phosphomolecules were tested as
substrate for AgAP after incubations at 37 C, as described before. All substrates were at ﬁnal concentrations of 4 mM, except for polyP-3 (1.3 mM), PPi (2 mM) and polyP-75
(52 lM). Results are expressed as nmol Pi mg ptn1 min1. Each bar represents mean ± S.E. of two independent experiments, performed in triplicates. (B) polyPase
activity was measured adding endogenous SC and LC polyP to the reaction medium of AgAP containing an excess of the enzyme (EXP). No AgAP was added to the control
reaction (CT). Assays were conducted at 37 C for 60 min after which PolyP levels were determined by treatment with scPPX as above. Control was 1.00 as reference.
Average ± SEM is presented and asterisk on (B) designates signiﬁcant difference (P < 0.05) as detected by One Way ANOVA using Tukey as post-test (n = 3). To localize
polyphosphate, a suspension of yolk granules (20 mM Hepes pH 7.2) was prepared from 24-h eggs. Image shows the phase contrast micrograph (C) corresponding to the
ﬂuorescence image of DAPI labeling (D). Bars: 10 lm.
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this development stage (Fig. 5A).
It has been suggested that inhibition of an aspartic-like protease
by PolyP is a control mechanism hindering yolk mobilization dur-
ing the early development of R. prolixus. In that sense, activation of
acid phosphatases would be a triggering mechanism, as yolk mobi-
lization would follow hydrolysis of PolyP and derepression of the
aspartic protease. As there is interplay between acid yolk hydro-
lases (proteases and phosphatases) as described in several insect
models (Purcell et al., 1988; Yamamoto and Takahashi, 1993;
Oliveira et al., 2008), we tested whether a similar mechanism couldFig. 5. Determination of acid protease activity and PolyP-3 inﬂuence on in vitro protease
ﬂuorogenic substrate z-Phe-Arg-AMC at 25 C, pH 5.0 and substrate hydrolysis was monit
(30 lM) was added to the same reaction. The product formation was expressed as speciﬁc
activity (± SEM) of seven different samples. (B) 24-h egg extract was prepared at acidic
different concentrations of polyP-3 (black circles); polyP-25 (black squares) and polyP-7
polyP), which was 1.00 as reference. Each point represents the average activity (±SEM)be observed in Anticarsia. Accordingly, 10 lM of PolyP-3 abolished
cysteine protease activity of the 24-h eggs, (Fig. 5B). Other polymer
sizes did not show signiﬁcant modulation at the tested
concentrations.4. Discussion
Velvet bean caterpillar A. gemmatalis infestations in soybean
crops are usually controlled with insecticides, usually combined
with the application of nucleopolyhedrovirus (Negreiro et al.,activity. (A) Samples were prepared from 24-h and 48-h eggs and assayed with the
ored continuously for 3 min. Aprotinin (10 lg/ mL) was added and after 3 min, E-64
activity (AMC concentration  lg ptn1  s1). Each column represents the average
pH (5.0) and protease activity was assayed with z-Phe-Arg-AMC in the presence of
5 (black triangles). Relative activity was determined compared to control (without
of four different samples.
1248 D.M.P. Oliveira et al. / Journal of Insect Physiology 59 (2013) 1242–12492004; Guedes et al., 2012). Nevertheless, Anticarsia defoliation
keeps negatively impacting annual crops production, indicating
the need for improved control techniques. Also, resistant popula-
tions were reported among several pest insects and appearance
of resistance has been modeled for A. gemmatalis (Negreiro et al.,
2004). In searching for speciﬁc control strategies, the insect repro-
ductive and embryonic physiology is regarded as potential source
for new control methods. However, there are few studies on gen-
eral Anticarsia biology, thus most strategies proposed are based
on information derived from other lepidopteran models.
In the present report, we have focused on yolk mobilization in
A. gemmatalis eggs and a related AP (agAP). In insect eggs, AP are
stored as yolk granule hydrolases and have been described in sev-
eral models, such as the house ﬂy Musca domestica (Ribolla et al.,
1993), R. prolixus (Fialho et al., 2002), the cockroach Periplaneta
americana (Oliveira et al., 2008), and the tick Rhipicephalus (Booph-
ilus) microplus (Silveira et al., 2006). We observed that agAP pre-
sented an inhibition proﬁle typical of egg AP, and a major
enzymatic activity with phosphotyrosine; dephosphorylation of
tyrosine phosphorylated yolk protein by agAP was conﬁrmed by
Western blot analysis.
We also analyzed compartmentalization of agAP before the
onset of yolk mobilization, where, agAP activity is initially con-
centrated in small vesicles separated from yolk granules subpop-
ulations. Similar organization was observed in P. americana
ovaries (Oliveira and Machado, 2006), and embryos of crusta-
ceans (Perona and Vallejo, 1985) and amphibians (Komazaki
and Hiruma, 1999). In R. prolixus, rpAP activity is posteriorly
transferred into larger yolk granules by Ca2+-mediated fusion
taking place during early embryogenesis and preceding yolk
mobilization (Ramos et al., 2007). It has been suggested that
the fusion of subpopulations of vesicles allows the assembly of
a yolk mobilization system at the yolk granules, composed of
acid hydrolases, proton pumps and yolk proteins that progres-
sively nurture embryonic anabolism. In that sense, compartmen-
talization of AP into yolk granules by vesicle fusion could
represent one regulation step of a general model for yolk mobi-
lization during embryogenesis of invertebrates (Oliveira et al.,
2008; Motta et al., 2009; Gomes et al., 2010). As future perspec-
tives, it would be interesting to evaluate to what extent agAP
activity is transported into larger yolk granules at the onset of
yolk mobilization or by Ca2+-induced events.
While removal of tyrosine phosphate by AP was observed in P.
americana and R. (B.) microplus eggs (Oliveira et al., 2008; Silveira
et al., 2006), the physiological range of egg phosphatases sub-
strates had remained poorly explored. Lysosomal APs are hydro-
lases with a broad range of substrates, thus – although yolk
granules compartmentalization would suggest preferential hydro-
lysis of yolk protein – other targets should be investigated. In fact,
in R. prolixus eggs it has been reported that rpAP fails to efﬁciently
hydrolyze yolk proteins (Fialho et al., 2005), but was shown to cat-
alyze hydrolysis of PolyP in vitro (Gomes et al., 2010). In the pres-
ent study, agAP efﬁciently released phosphate from
phosphotyrosine amino acids and yolk proteins. Also, strong
hydrolysis of short chain PolyP was observed with either endoge-
nous or exogenous PolyP. Previously, we have suggested that PolyP
was a physiological inhibitor of an aspartic proteinase of YG of R.
prolixus, and that mobilization of yolk proteins would depend of
PolyP degradation mediated by rpAP (Gomes et al., 2010). Curi-
ously, several authors have evidenced a temporal link between
phosphatase and protease activation that has remained poorly ex-
plained. Here, we observed that PolyP-3 might play a role in the
inhibition of a cysteine protease activity on Anticarsia egg extracts.
Based on the proﬁle of hydrolysis of exogenous substrates, we
determined that a cysteine protease could be the main yolk gran-
ule acid protease. In that sense, its inhibition by short chain PolyPcan be accounted for a regulation mechanism similar to what has
been described in Rhodnius.
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